
THE THERMOCHEMICAL EFFECTS OF GAS-COALS I N  PYROLYSIS PROCESS 

Zhaoxiong Wang and James K. Shou 

I n s t i t u t e  f o r  M in ing  and M ine ra l s  Research, U n i v e r s i t y  o f  Kentucky 
P.O. Box 13015, Lex ington,  Kentucky 40583 

INTRODUCTION 

The gas-coal i s  a young b i tuminous coal .  I n  i t s  o rgan ic  m a t t e r  t h e r e  i s  a l a r g e  
q u a n t i t y  o f  t h e r m a l l y  uns tab le  cons t i t uen ts .  The i n t e n s e  thermal decomposit ion may 
be i n i t i a t e d  a t  a temperature as low as s l i g h t l y  above 30OoC. Much t a r ,  water  o f  
decomposit ion and gaseous products  a re  l i b e r a t e d  sha rp l y  ( 1 ) .  These fea tu res  o f  
thermochemical convers ion i n f l u e n c e  t h e  p y r o l y s i s  process. 

Dur ing p y r o l y s i s ,  chemical changes and phase t r a n s f o r m a t i o n  a r e  accompanied by 
c e r t a i n  thermal e f f e c t s .  Chemical r e a c t i o n s  occur  i n  oppos i te  d i r e c t i o n s  - degra- 
d a t i o n  and polycondensat ion.  For  i ns tance ,  t he  h igh-molecular -weight  substances o f  
coa l  decompose and produce v o l a t i l e  products  w i t h  l ow  mo lecu la r  weights ,  which evo lve  
success ive ly .  On the  o t h e r  hand, o rgan ic  ma t te r  rema in ing  i n  the s o l i d  phase w i l l  
con t i nue  t o  s t rengthen i t s  l i n k a g e  between s t r u c t u r a l  u n i t s .  The thermal e f f e c t s  
a l t e r n a t e  between exothermic and endothermic d u r i n g  t h e  p y r o l y s i s  process. 
a1 t e r n a t i o n  o f  thermal e f f e c t s  r e f l e c t s  the  n a t u r e  o f  chemical i n t e r r e a c t i o n s .  A t  
each t u r n i n g  p o i n t  t he  chemical composi t ion o f  coa l  o r g a n i c  m a t t e r  w i l l  undergo a 
remarkable change. 

The 

EXPERIMENTAL PROCEDURE 

The thermal e f f e c t s  generated by p y r o l y t i c  r e a c t i o n s  and phase exchanges under 
the  a c t i o n  o f  heat  may be s t u d i e d  by means o f  d i f f e r e n t i a l  thermal a n a l y s i s  (DTA) 
(2 -6) .  B r i e f  d e s c r i p t i o n  o f  DTA experiments a re  as f o l l o w s .  

packed i n  a p o r c e l a i n  c r u c i b l e .  
which was used as t h e  i n e r t  re ference.  Both c r u c i b l e s  were separa te l y  covered w i t h  
a l i d ,  on which a thermowell  was connected. 
cons tan t  r a t e  o f  50C/min. 
galvanometer i n  coo rd ina tes  o f  coal temperature versus h e a t i n g  t ime  and temperature 
d i f f e r e n c e  versus hea t ing  t ime. 

To d e t e c t  chemical changes, the composi t ion o f  heated coal  o rgan ic  m a t t e r  a t  i t s  
peak temperature was determined. A s e r i e s  o f  l o g  coa l  samples were taken and were 
heated i n  t h e  same pyrothermograph furnace.  
match t h a t  i n  t h e  DTA t e s t s .  When each r e l a t i v e  peak temperature was reached, t h e  
c r u c i b l e  was immediate ly  taken o f f  t h e  furnace and coo led  i n  t h e  des i cca to r .  The 
prox imate and u l t i m a t e  analyses o f  these samples were c a r r i e d  out .  

About l g  o f  f i n e l y  ground coal w i t h  a p a r t i c l e  s i z e  o f  l e s s  than 0.2m was 
h o t h e r  c r u c i b l e  con ta ined  t h e  c a l c i n e d  magnesia, 

Samples were heated t o  850-950°C a t  a 
The thermographic curves were p l o t t e d  by  a m i r r o r  

The h e a t i n g  was s t r i c t l y  c o n t r o l l e d  t o  

RESULTS AND DISCUSSION 

THE GENERALIZATION OF THERMOGRAPHIC PEAKS 

DTA curves of severa l  coa ls  s t u d i e d  have shown genera l  c h a r a c t e r i s t i c s  and a l s o  
have revea led  some d i f f e r e n c e s ,  w i t h  respec t  t o  peak temperature, peak width,  peak 
a l t i t u d e  and peak shape ( F i g u r e  1). 
1. Coals No. 1 and No. 2 a re  good cak ing  coals ,  t h e o t h e r s  a r e  weakly cak ing coals .  

A n a l y t i c  data o f  t hese  coa ls  a r e  g iven i n  Table 
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TABLE 1. ASSAY DATA OF TESTED GAS-COALS 

PROXIMATE ANALYSIS, WT.% ULTIMATE ANALYSIS, WT.%,DAF 
COAL 1- MOISTURE ASH P LA STOM ETR I C 
SAMPLE AS DETER- CONTENT MATTER SULFUR INDEX*, m 

MINED ( d r y )  (da f )  ( d r y )  X Y  

No. 1 1.90 7.86 39.9 3.04 80.51 5.83 1.97 11.69 43 17 
No. 2 2.14 12.40 36.5 2.94 81.20 5.59 1.96 11.25 48 14 
No. 3 3.29 5.39 46.3 0.52 78.10 5.72 1.94 14.24 40 7 
No. 4 4.28 7.08 42.7 0.38 80.48 5.60 2.81 13.11 27 7 
No. 5 3.55 9.64 43.9 0.50 80.88 5.90 - - 40 7-8 

*Index X ( f i n a l  shr inkage) and Y (maximum t h i c k n e s s  o f  p l a s t i c  l a y e r )  were determined 
by spec ia l  p l a s t o m e t r i c  t e s t i n g  equipment. The va lue  o f  Y was served as t h e  
parameter f o r  measuring the  c a k i n g  c a p a c i t y  o f  coa l .  

To i n t e r p r e t  t he  thermograms, t h e  f o l l o w i n g  p o i n t s  shou ld  be considered. 

1. 

2. Above 15OoC, the  d i f f e r e n t i a l  c u r v e  spreads upward. 

The pr imary  e f f e c t  ( t h e  f i r s t  endothermic peak) appears a t  about 100°C. 
e f f e c t  occurs o n l y  i n  connect ion  w i t h  evapora t ion  o f  p h y s i c a l l y  absorbed water. 

I t s  peak temperature i n d i -  
cates t h e  i n i t i a t i o n  o f  i n t e n s e  thermal decomposi t ion o f  o r g a n i c  mat te r .  Wi th  
r e s p e c t  t o  gas-coals, t he  temperature o f  t h i s  peak i s  l oca ted  a t  about 270OC. 
The temperature o f  t h i s  exo thermic  peak w i l l  be a f f e c t e d  by  t h e  h e a t i n g  ra te .  
S t r u c t u r a l  s t u d i e s  had n o t  shown t h e  breakdown o f  coa l  s t r u c t u r e  when i t  was 
heated t o  below 25OoC and t h e r e  was a l i t t l e  p o s s i b i l i t y  o f  chemical change. 
Some r e a c t i o n s ,  such as dehydrogenat ion,  s u r f a c e  o x i d a t i o n  and dehydra t ion ,  
e x h i b i t  an exothermic e f f e c t  (7 ) .  
a l ready  y i e l d e d  f rom gas-coals (1 ) .  

coa l  p y r o l y s i s  show endothermic c h a r a c t e r  as a r e s u l t  o f  t he  decomposi t ion 
reac t i on ,  polycondensat ion o f  p y r o l y s i s  p roduc ts  and phase t r a n s f o r m a t i o n .  The 
q u a n t i t y  o f  v o l a t i l e  y i e l d  between t h e  second and t h i r d  peaks makes up almost 
one h a l f  o f  the  t o t a l  v o l a t i l e  m a t t e r .  

Th is  

A t  t h i s  p o i g t  water  o f  decomposi t ion i s  

3. Beyond 3OO0C the  d i f f e r e n t i a l  c u r v e  s t a r t s  t o  dec l i ne .  The thermal e f f e c t s  o f  

The e x i s t e n c e  o f  a W-shape peak expresses the  s i t u a t i o n  o f  coa l  i n  p l a s t i c  stage. 
AS i l l u s t r a t e d  i n  F i g u r e  2, t h e r e  i s  l i t t l e  d i f f e r e n c e  i n  the  appearance o f  d i f f e r -  
e n t i a l  curves between the o r i g i n a l  coa l  and t h e  f a s t  preheated (5OoC/min) t o  28OoC 
coa l .  I t  shows t h a t  deep d e s t r u c t i o n  has n o t  taken p l a c e  d u r i n g  the  f a s t  h e a t i n g  o f  
coa l .  However, on the  thermogram o f  char ,  a s i m i l a r  W-shape peak disappears.  The 
curve i s  smooth b e f o r e  t h e  temperature reaches 536OC. Th is  i s  because t h e  pr imary  
decomposi t ion and e v o l u t i o n  o f  v o l a t i l e  m a t t e r  and the  phase convers ion  e s s e n t i a l l y  
have been completed. 
O f  t h e  p l a s t i c  s ta te .  
migh t  a l so  be a f f e c t e d  by t h e  i n c r e a s e  i n  thermal c o n d u c t i v i t y  when t h e  p a r t i c l e s  
became agglomerated. I n  essence, t he  f i r s t  d i p  o f  t h e  curve  occurs when coa l  so f tens  
and changes t o  a p l a s t i c  s t a t e .  The second d i p  occurs d u r i n g  r e s o l i d i f i c a t i o n  o f  
t he  p l a s t i c  mass. 

4. 

There fore  the  e x i s t e n c e  o f  t h a t  W-shape peak i s  c h a r a c t e r i s t i c  
The phenomenon o f  exothermic e f f e c t  w i t h i n  a W-shape peak 

The general  thermal e f f e c t  becomes c l e a r l y  exothermic a t  temperatures o f  51O-55O0C. 
The r i s e  o f  t he  curve  i n d i c a t e s  t h e  f o r m a t i o n  o f  a semi-hard s t r u c t u r e .  Th is  
secondary c a r b o n i z a t i o n ,  accompanied by l i b e r a t i o n  o f  r e s i d u a l  hydrogen from the  
per iphery  of a romat ic  c l u s t e r s ,  i n  every  caseg ives  r i s e  t o  an exothermic peak. 
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5. A t  temperatures above 76OoC, s l i g h t  endothermic e f f ec t s  could be observed. 
These e f fec ts  a re  due t o  fur ther  regulation i n  the arrangement of hexagonal 
carbon network. 

The e f f ec t  of mineral matters under h i g h  temperatures may be re f lec ted  on the 
thermogram. 
shown i n  Figure 3. 
decomposition of organic matter. 
there appears a n  obvious endothermic e f f ec t ,  which i s  cha rac t e r i s t i c  of t h i s  
additive. 

6. 
The thermogram of coal sample No. 2 with a 20% lime addi t ive  i s  

To a cer ta in  degree, mineral matters a f f ec t  thermal 
Par t icu lar ly  a t  temperature ranges of 75O-85O0C, 

CONSTITUENT CHANGES OF NONVOLATILIZED MATERIAL 

The chemical reaction of thermal decomposition of gas-coal organic matter i s  
extremely complex. 
the study of consti tuent a l te rna t ion  of gas-coal organic matter i s  helpful i n  explain- 
i n g  the mechanism of thermal decomposition. 

No. 2 heated to  each charac te r i s t ic  peak temperature a r e  given in Tables 2 and 3. 
i s  the r a t i o  of to ta l  hydrogen and carbon to  to ta l  content of o ther  elements. 

klhile i t  i s  d i f f i c u l t  to  postulate the thermochemical reactions,  

Elemental composition data of nonvolatilized material from gas-coals No. 1 and 

;ac e hydrogen-containing grade (fH) i s  the atomic r a t i o  of hydrogen to  carbon. The 
carbonization grade ( f c )  is  an index of the atomic r a t i o  of carbon to  noncarbon 
elements. This r a t i o  f o r  the original coal i s  assigned a n  index value of 1.0. The 
aromaticity ( f a )  i s  calculated according t o  Van Krevelen and Schuyer's formula (8 ) .  

chemical decomposition i s  in i t i a t ed  from hydrogen- and oxygen-rich groups. As data 
ind ica te ,  the hydrogen content of nonvolatilized material decreases sharply as the 
pyrolysis process proceeds. 
s t ruc ture  i s  strengthened because of the polycondensation reaction. The carbonization 
grade of nonvolatilized material increases s teadi ly  w i t h  the increase of temperature. 
For coal sample No. 1 ,  carbon-to-hydrogen r a t i o  changes from C6H5.2, approximated t o  
the aromatic composition of benzene, t o  CgH0.9. As shown i n  Figure 4, f c  r i s e s  from 
0.722 to  0.999 and eventually s t ab i l i ze s .  

The carbonization process i s  carried out simultaneously with dehydrogenation. 
This i s  shown  by the decreasing hydrogen-containing grade. Meanwhile, the  carbon- 
ization of condensed carbon rings exhib i t s  a n  aromatizing cha rac t e r i s t i c ,  as indi- 
cated by the increase of aromaticity. So i t  may be presumed tha t  chemical s t ruc ture  
changes only in the d i rec t ion  of high polycondensation of aromatic rings.  

These two gas-coals begin t o  decompose a t  about 27OoC. I t  appears t h a t  thermo- 

On the contrary, the main par t  of the carbon ring 

CONSTITUENT CHANGES IN VOLATILIZED MATERIAL 

As a r e su l t  of thermochemical decomposition, cer ta in  f rac t ions  of coal organic 
The changes in vo la t i l e  matter content of gas- matter turn in to  vo la t i l e  matter. 

coals No. 1 and No. 2 a re  l i s t ed  in Tables 2 a n d  3. 
As previously s ta ted  tha t  i n  the  temperature range between the second and th i rd  

peaks, i.e. 258-435OC f o r  gas-coal No. 1 and 274-438OC f o r  gas-coal No. 2 ,  the 
evolving r a t e  of vo la t i l e  products i s  higher t h a n  i n  o ther  ranges. 
lution r a t e  f o r  gas-coal No. 2 appears in a higher temperature in te rva l  ranging from 
372OC t o  438OC. I t  shows tha t  gas-coal No. 2 probably has a higher thermal s t a b i l i t y  
than gas-coal No. 1. 

The devola t i l i za t ion  process may be divided in to  three  stages. Referring t o  the 
DTA curve fo r  gas-coal No. 1 ,  temperature ranges f o r  t he  three  stages are 20-435OC, 
435-53OoC and beyond 530OC. The chemical composition of evolved vola t i l i zed  material 
changes s ign i f icant ly ,  depending on the various temperature ranges. These data are 
l i s t ed  i n  Tables 4 and 5. Where, Cv, H v ,  (O+S)v and Nv a re  contents of carbon, 
hydrogen, oxygen and su l fu r ,  and  nitrogen in vola t i l i zed  material  i n  w t . %  respectively, 
6C, 6H, 6(O+S) a n d  6 N  (wt.9 
vo la t i l e  products in certaih temperature ranges. 

The higher evo- 

daf) a r e  the quant i t ies  of each element converted in to  
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TABLE 2. CONSTITUENT CHANGES OF NONVOLATILIZED 
MATERIAL DURING HEATING OF COAL SAMPLE NO. 1 

80.51 
5.83 

11.69 
1.97 
6.3 
0.87 
1 .oo 
0.722 

TYPE OF 
ANALYSIS DATA 

V o l a t i l e  Mat te r * ,  
VMo, % 

E v o l v i n g  Rate o f  
V o l a t i l e  M a t t e r  

( A V M O ~ C )  x l o o  
Composi t ion o f  non- 

v o l a t i l i z e d  
m a t e r i a l ,  %, d a f  
Carbon 
Hydrogen 
Oxygen & S u l f u r  
N i t r o g e n  

RH C 
fH 
f C 
f a  

3.6 10.4 

82.20 84.04 
5.51 4.11 

10.29 9.57 
2.00 2.28 
7.1 7.4 
0.81 0.59 
1.09 1.44 
0.771 0.937 

Wei h t  o f  VM o f  
*"'" = Wei:ht o f  o r i g i  

7.0 

PEAK TEMPERATURE 
ORIGINAL 

39.9 15.6 

9.7 1.7 1.3 

84.70 
3.51 

86.70 
3.11 

34.4 

9.40 7.85 4.18 2.74 
2.39 1 :::4 1 2.29 1 1.87 
7.5 14.4 20.7 

25.7 

TYPE OF 
ANALYSIS DATA 

V o l a t i l e  Mat te r * ,  
VMo, % 

E v o l v i n g  Rate o f  
V o l a t i l e  M a t t e r  
( A V M O ~ C )  x l o o  

Composi t ion o f  non- 
v o l  a t i  1 i zed 
m a t e r i a l ,  %, d a f  
Carbon 
Hydrogen 
Oxygen & S u l f u r  
N i t r o g e n  

1.2 

82.11 
4.95 

10.95 
1.99 
6.7 

1.13 
0.77C 

0.73 
RH C 

f a  

fH 
f C 

8.9 

82.50 
4.25 

11.12 
2.13 
6.5 

1.29 
0.85 

0.62 

O!?IGINAL 
COAL 

36.5 

81.20 
5.59 

11.25 
1.96 
6.5 
0.82 
1 .oo 
0.757 

91.60 
1.93 

94.20 
1.19 

TABLE 3. CONSTITUENT CHANGES OF NONVOLATILIZED 
MATERIAL DURING HEATING OF COAL SAMPLE NO. 2 

AK TEMPERATUR -7 I IP & 

438 

15.4 

15.6 

34.77 
3.30 
9.70 
2.23 
7.4 
0.47 
1.65 
0.931 

__ 

51 4 - 

1.8 

4.7 

5.18 
3.20 
9.37 
2.19 
7.7 
0.45 
1.72 
0.97: 

- 
563 

1 .o 

1.6 

7.44 
2.86 
7.59 
2.11 
9.3 
3.39 
2.00 
3.95 

- 
735 

5.41 

3.3 

30.76 
1.83 
5.20 
2.21 

12.5 
0.24 
3.11 
0.988 

OKE 

1.91 

1.6 

4.27 
0.70 
3.11 
1.92 
9.0 
0.09 
7.26 
0.998 
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TABLE 4. CHEMICAL COMPOSITION OF VOLATILIZED MATERIAL 
RELEASED FROM HEATING GAS-COAL NO. 1 

TEMPERATURE RANGE, "C 
CHEH I CAL COMPOS I T I  ON 20-435 435-530 BEYOND 530 

Element  Converted, Wt .%,  da f  

6C 
6H 

6N 
6(0tS) 

Elementa l  Composi t ion,  % 

c v  
Hv 

Nv 

Atomic R a t i o  

C 
H 
0 

(O+S)v 

11.30 
2.44 
3.71 
0.08 

64.46 
13.92 
21.16 

0.46 

5.4 
13.9 

1.3 

5.01 
1.13 
2.21 
0.17 

58.80 
13.26 
25.94 

2.00 

4.9 
13.3 

1.6 

2.85 
1.50 
3.98 
0.50 

32.28 
16.98 
45.08 

5.66 

2.7 
17.0 

2.8 

TABLE 5. CHEMICAL COMPOSITION OF VOLATILIZED MATERIAL 
RELEASED FROM HEATING COAL SAMPLE NO. 2 

TEMPERATURE RANGE, OC 
CHEMICAL COMPOS1 TION 20-438 438-563 BEYOND 563 

Element  Converted, W t . % ,  da f  

6C 
6H 

6N 
S(0tS) 

Elementa l  Composi t ion,  % 

cv 
Hv 

Nv 
(O+S)v 

9.93 
2.82 
2.98 
0.06 

62.87 
17.86 
18.87 
0.40 

4.03 
0.54 
2.33 
0.07 

57.82 
7.75 

33.43 
1 .oo 

3.59 
1.69 
3.80 
0.13 

38.98 
18.35 
41 -26 

1.41 

Atomic R a t i o  

C 5.2 4.8 3.2 
H 17.9 7.8 18.3 
0 1.2 2.1 2.6 
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Although carbon evo lves  d u r i n g  t h e  p y r o l y s i s  o f  coa l ,  most o f  t h e  carbon remains 
n o n v o l a t i l i z e d .  
sample No. 1 conver ts  i n t o  v o l a t i l e  products,  and 21.6% o f  carbon i n  coa l  sample No. 
2 converts i n t o  v o l a t i l e  products.  Furthermore, t h e  e v o l u t i o n  o f  v o l a t i l e  carbon i s  
r e l a t i v e l y  concent ra ted  i n  t h e  270-550°C temperature range. 
h a r d l y  p a r t i c i p a t e s  i n  devol  a t 1  il i z a t i o n .  

R e f e r r i n g  t o  Tables 6 and 7, o n l y  about 25% o f  t h e  carbon i n  coal  

Below 27OoC, carbon 

TABLE 6. DECOMPOSITION AND DEVOLATILIZATION RATES OF 
EACH ELEMENT I N  HEATED GAS-COAL NO. 1* 

RATE OF ELEMENTAL 
DECOMPOSITION, % 258 435 482 530 760 COKE 

PEAK TEMPERATURE, OC 

A c  - 14.0 18.9 21.4 22.5 25.0 
AH 6.0 41.7 53.3 61.2 77.4 86.8 
A(O+S) 12.9 31.7 38.2 50.6 75.6 84.5 
* 

x 100% Ac = Weight o f  carbon d e v o l a t i l i z e d  
Weight o f  carbon i n  o r i g i n a l  coa l  sample 

x 100% = Weight o f  hydrogen d e v o l a t i l i z e d  
Weight o f  hydrogen i n  o r i g i n a l  coa l  sample 

x 100% = T o t a l  we igh t  o f  oxygen and s u l f u r  d e v o l a t i l i z e d  
T o t a l  we igh t  o f  oxygen and s u l f u r  i n  o r i g i n a l  coa l  sample 

TABLE 7. DECOMPOSITION AND DEVOLATILIZATION RATES 
OF EACH ELEMENT I N  HEATED GAS-COAL NO. 2 

RATE OF ELEMENTAL PEAK TEMPERATURE, OC 

DECOMPOSITION, % -274 372 438 514 563 735 COKE 

AC 1.4 5.7 12.3 15.7 17.2 18.6 21.6 
AH 13.4 29.1 50.5 53.1 60.1 76.0 90.4 
A(o+s) 3.7 6.9 26.5 29.6 47.3 66.4 81.0 

Hydrogen p l a y s  an i m p o r t a n t  r o l e  i n  t h e  coa l  p y r o l y s i s  process. The bas i s  o f  
p y r o l y t i c  change may be looked a t  as a r e d i s t r i b u t i o n  o f  hydrogen among newly formed 
produc ts  (1 ) .  Large q u a n t i t i e s  o f  hydrogen a r e  consumed f o r  t he  f o r m a t i o n  o f  water, 
hydrogen su lph ide  and ammonia. 
necessary f o r  t h e  y i e l d  o f  t a r r y  p r o d u c t s  and f o r  t h e  f o r m a t i o n  o f  f u s i b l e  m a t t e r  i n  
t h e  p l a s t i c  stage. The amount o f  l i q u i d  phase and t h e  degree of s o f t e n i n g  inc rease 
w i t h  i n c r e a s i n g  amounts o f  f r e e  hydrogen i n  t h e  coa l .  For coa l  sample No. 2, which 
produces a more s t a b l e  p l a s t i c  mass, t h e  q u a n t i t y  o f  hydrogen evo lved a t  t he  second 
s tage ( p l a s t i c  stage) i s  lower  than t h a t  i n  sample No. 1. 

The f ree  hydrogen may be b e t t e r  p reserved i n  p l a s t i c  mass under pressure.  
has been proven by exper iment t h a t  up t o  6OO0C, p l a s t i c  coa l  b r i q u e t t e s  gave of f  l e s s  
hydrogen than t h e  same coal  packed i n  a l o o s e  mass (9 ) .  Thus, p r e s s u r i z a t i o n  i s  
ex t remely  impor tan t  i n  the  d e s t r u c t i v e  hydrogenat ion  o f  coa l .  I n  t h e  convent iona l  
p y r o l y s i s  process, however, t h e  n o n v o l a t i l e  p a r t  o f  carbon cannot be d e v o l a t i l i z e d  
because of a lack  o f  thorough s t r u c t u r a l  d e s t r u c t i o n .  Furthermore, t h e  amount of 
f ree  hydrogen i s  l i m i t e d ,  thus i t  i s  i m p o s s i b l e  t o  y i e l d  a g r e a t  dea l  o f  l i q u i d  
p roduc ts .  

The remain ing  hydrogen, c a l l e d  f r e e  hydrogen, i s  

I t  
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A f t e r  55OoC, t h e  q u a n t i t y  o f  d e v o l a t i l i z a b l e  hydrogen i s  s t i l l  s i z a b l e .  It holds 
I n  a 

A t  t h i s  stage v o l a t i l e  p roduc ts  
th ree- four ths  o f  t he  t o t a l  atomic amount o f  v a r i o u s  elements (Tables 4 and 5). 
smal l  degree, carbon conver ts  i n t o  v o l a t i l e  products.  
shou ld  be l i g h t  gaseous produc ts ,  such as hydrogen and methane. C l e a r l y ,  the  p ro -  
d u c t i o n  o f  l i q u i d  p roduc ts  by e i t h e r  p y r o l y s i s  o r  o t h e r  convers ion  processes may be 
c o n t r o l l e d  on ly  b e f o r e  reach ing  t h e  exo thermic  peak w i t h i n  the  W-shape ( F i g u r e  1).  

CONCLUSIONS 

1. 

2. 

3. 

4. 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

8. 

9. 

Th is  s tudy  o f  thermographical  curves and corresponding assay data o f  gas-coals a t  
peak temperatures has shown t h a t  thermal e f f e c t s  were c l o s e l y  connected w i t h  the  
decomposi t ion o f  coa l  o rgan ic  m a t t e r  and i t s  changes i n  chemical composi t ion.  

A f t e r  t h e  second peak (exo thermic )  temperature,  gas-coals s t a r t e d  t o  decompose 
in tense ly .  Thermal decomposi t ion was i n i t i a t e d  from hydrogen- and oxygen-r ich 
t h e r m a l l y  u n s t a b l e  c o n s t i t u e n t s .  

The e v o l u t i o n  o f  v o l a t i l e  carbon f r o m  s o l i d  substances was concent ra ted  i n  t h e  
temperature range between the  second and t h i r d  peaks. 
decomposi t ion b e f o r e  reach ing  the  exothermic peak w i t h i n  the  W-shape i s  o f  g r e a t  
importance. Improving i n t e r r e a c t i o n  between v o l a t i l e  carbon and f r e e  hydrogen, 
coal  p y r o l y s i s  and o t h e r  coa l  convers ion  processes c o u l d  be improved t o  y i e l d  a 
g r e a t e r  amount o f  hydrocarbon produc ts .  

Beyond t h e  second endothermic peak w i t h i n  t h e  W-shape, t h e  atomic r a t i o  of carbon 
t o  the  sum o f  o t h e r  elements i n  n o n v o l a t i l i z e d  m a t e r i a l  increased markedly. The 
a r o m a t i c i t y  o f  n o n v o l a t i l i z e d  m a t e r i a l  tends t o  i n c r e a s e  w i t h  t h e  r i s e  o f  t h e  
c a r b o n i z a t i o n  degree. 

The c o n t r o l  o f  thermal 
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a.  C. 
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a .  Coal Sample No. l 
b .  Coal Sample No. 2 
c .  Coal Sample No. 3 
d .  Coal Somple No. 4 

FIGURE 1. THERMOGRAMS OF GAS-COALS 

a .  Orlgtnal Coal 
b .  Fast Preheated Coal 

c .  Char From Preheated Coal  

d .  Coke From Preheated Coal 

FIGURE 2. THERMOGRAMS OF GAS-COAL SAMPLE NO. 5 



FIGURE 3. THERMOGRAM OF GAS-COAL SAMPLE NO. 2 
WITH LIME ADDITIVE 
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FIGURE 4. CHANGES OF AROMATICITY, CARBONIZATION 
GRADE AND HYDROGEEJ-CONTAINING GRADE OF 

COAL SAMPLE NO. 1 WITH HEATING TEMPERATURE 
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